Scale score 7 days after stroke onset was significantly lower (P=0.007), and infarct volume on follow-up computed tomography was significantly smaller (P=0.009) in patients with PCA laterality than in patients without this sign. Multivariate logistic regression analyses showed an adjusted odds ratio of 8.49 for a favorable outcome (modified Rankin Scale score 0-1 at 6 months) in patients with PCA laterality (95% CI: 1.82 to 55.8, P=0.005). 
S
troke is a leading cause of death and continues to impose an overwhelming burden on global health. Proximal intracranial arterial occlusion is independently associated with poor functional outcome and high mortality rate, 1 but few therapeutic advances have been made.
In patients with proximal middle cerebral artery (MCA) occlusion, the primary collateral circulation is established via leptomeningeal anastomoses (LMAs) from the anterior cerebral artery (ACA) and posterior cerebral artery (PCA), and collateral flow begins immediately after an artery occlusion. 2 This collateral flow seems to play a role in maintaining perfusion to penumbral regions, 3 hypoperfused but still viable brain tissue. Therefore, assessing collateral status is important to maximize the effect of reperfusion therapy. 3 Conventional digital subtraction angiography (DSA) and computed tomography (CT) angiography are used to assess collateral status, and the presence of good collaterals in acute ischemic stroke patients is associated with reduced infarction volume, a lower risk of hemorrhage, and good clinical outcome in reperfusion therapy. [3] [4] [5] However, DSA or CT angiography is not routinely performed.
Magnetic resonance angiography (MRA) is also used to assess collateral circulation. Increased MRA signal extent of the ipsilateral PCA, a sign of PCA laterality, is often observed in patients with acute MCA occlusion. 6 In patients with ipsilateral MCA occlusion, this sign represents the development of collateral flow from the PCA to the MCA via the LMAs, as confirmed with conventional angiography. 2, 6 However, its prognostic value under acute proximal MCA occlusion is still unknown. We hypothesized that PCA laterality is correlated with improved functional outcome in patients with MCA occlusion treated with intravenous (IV) recombinant tissue plasminogen activator (rtPA).
Subjects and Methods
For detailed methods, see the online-only Data Supplement. Briefly, this retrospective case-control study was performed on all acute
Brief Reports
Background and Purpose-Prominent posterior cerebral artery (PCA) laterality upon 3-dimensional time-of-flight magnetic resonance angiography is often encountered in patients with middle cerebral artery occlusion. We hypothesized that this sign is correlated with improved functional outcome in patients with middle cerebral artery occlusion treated with intravenous recombinant tissue plasminogen activator.
Methods-Fifty acute ischemic stroke patients with middle cerebral artery occlusion were treated with intravenous recombinant tissue plasminogen activator from April 2007 to October 2009. All patients routinely underwent initial (first 3 hours) magnetic resonance scans on admission, and additional follow-up (14-21 days after stroke onset) computed tomography scans. Two film readers blinded to all clinical information assessed the presence or absence of PCA laterality on magnetic resonance angiography. We retrospectively analyzed the clinical and radiologic data on all patients.
ischemic stroke patients admitted to our hospital from April 2007 to October 2009. We selected acute proximal MCA occlusion patients who were treated with IV rtPA within 3 hours of symptom onset.
All patients underwent brain magnetic resonance imaging (MRI; Signa HDxt 1.5T Optima Edition, GE Healthcare, Milwaukee, WI) before rtPA administration, and follow-up brain CT 14 to 21 days after stroke onset. Collected data included demographic and clinical parameters, radiological data, the National Institutes of Health Stroke Scale (NIHSS), and the modified Rankin Scale (mRS), which is included in our standard protocol for all stroke patients.
To assess the presence of PCA laterality, laterality of either PCA on MRA was considered to be present if 1 or more segmental extents were observable on axial stereoscopic images (Figure) . If the signal from either PCA ended in the same segment, laterality was defined as negative. The site of proximal MCA occlusion, the status of posterior communicating (PCOM) artery, or recanalization status was also assessed by MRA. The Alberta Stroke Program Early CT Score (ASPECTS) was used to evaluate the final infarct extent. 7 Univariable parametric and nonparametric comparisons of clinical characteristics were performed as appropriate. To identify independent predictors of favorable outcome, we performed multivariate logistic regression analyses using age, sex, baseline NIHSS score, risk factors, and PCA laterality.
Results
Fifty-six patients were examined for inclusion in this study; 6 of these patients were excluded because of motion artifacts on MRI. Among the 50 patients who met the inclusion criteria, 
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36% were women. The median age was 77.5 (range 40 to 96) years, and the median initial NIHSS score was 14.5 (range 4 to 32). Thirty-three patients were found to have MCA M1 occlusion, and 17 patients, M2 occlusion. PCA laterality on MRA was observed in 20 patients (40%). The signal extent of the PCA in all of these patients was confined to the ipsilateral side of the ischemic hemisphere. Demographic data and clinical parameters, status of PCOM did not differ significantly between the groups ( Table 1) . The median initial NIHSS score did not differ significantly between the groups (13.5 with laterality versus 16.5 without laterality; interquartile range [IQR], 9 to 25 versus 10 to 23; P=0.565). The NIHSS score 7 days after admission was significantly lower in patients with PCA laterality than in those without it (2.5 versus 11.5; IQR, 1 to 8 versus 4 to 20; P=0.007). Follow-up CT ASPECTS was significantly higher in patients with PCA laterality than in those without it (8.5 versus 6.5; IQR, 7 to 10 versus 4 to 9; P=0.009), indicating a smaller infarct extent (Table 1) . Successful recanalization was achieved in 73% (19 out of the 26 patients with available follow-up MRA) after rtPA thrombolysis treatment. Recanalization rate was significantly higher in patients with PCA laterality (P=0.006; Table S1 in the online-only Data Supplement).Significantly more of the patients positive for PCA laterality (15 of 20 patients) had a favorable clinical outcome (mRS score of 0-1 at 6 months) than did laterality-negative patients (11 of 30 patients; P=0.008; 
Discussion
This study demonstrated that increased signal extent of the ipsilateral PCA on 3-dimensional time-of-flight MRA, namely PCA laterality, 6 was significantly associated with smaller ischemic region volume, better recanalization rate, and lower NIHSS score 7 days after stroke onset, and with better longterm functional outcome, in patients with MCA occlusion who were treated with rtPA.
PCA laterality is rarely observed in nonstroke patients, 6 supporting the view that laterality of the PCA is a unique finding in MCA occlusion. PCA laterality on MRA indicates the presence of collateral flow via the LMAs from the ipsilateral PCA to the MCA in patients with proximal occlusion of the MCA. 6 In our preliminary study of patients with PCA laterality, the ischemic regions on follow-up CT were confined primarily to the basal ganglia or insular cortex, and, to a lesser extent, the cortical ischemic regions within the MCA territory. Indeed, the extent of infarction in the cortical regions (M1 to M6 in ASPECTS; total score 6) was significantly smaller in patients with PCA laterality than in those without it (ASPECTS score 5.3 versus 3.3, P<0.01), but no significant differences were observed in other ASPECT regions, such as the insular cortex, basal ganglia, and internal capsule (ASPECTS Table S2 in the online-only Data Supplement). In a previous study including patients with proximal MCA occlusion, all patients with prominent collateral flow from the PCA to the MCA via the LMAs also had angiographic collateral flow from the ipsilateral ACA to the MCA. 6 In our study, the presence of PCA laterality was significantly associated with the appearance of collateral flow signals on MRI in the ipsilateral MCA territory (Table S3 in the online-only Data Supplement). In contrast to the rtPA treatment group, the neurological and radiological outcome in the no rtPA group did not differ with or without PCA laterality analyzed by database in this study (Table S4 in the online-only Data Supplement).In this sense, PCA laterality on MRA may be associated with the development of collateral circulation via the LMAs from the territories of both the ACA and the PCA, which can preserve penumbral blood flow prior to recanalization, resulting in a smaller extent of cortical infarction after rtPA administration in patients with MCA occlusion.
In a previous angiographic study of endovascular therapy for acute ischemic stroke, the presence of well-developed collaterals before recanalization was significantly associated with better outcomes, such as high incidence of reperfusion, small infarct volume, and low rate of symptomatic hemorrhagic transformation. 8 Therefore, pretreatment evaluation of cerebral collaterals should be useful for identifying patients who have the best chance of benefiting from recanalization therapy. We found here that patients with PCA laterality in the setting of thrombolysis for acute MCA occlusion had a smaller infarct volume, better recanalization rate, and better long-term neurological outcome. This MRA finding might therefore be an important discriminating marker of leptomeningeal collateral status and might be useful in guiding decision-making in terms of the use of aggressive thrombolytic therapy after stroke.
This study had several limitations. It was a single-center, retrospective study and was limited by a small sample size. A longitudinal study investigating the correlation between PCA laterality and outcome after thrombolysis is required to confirm and extend our findings.
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Supplemental Methods
This retrospective case-control study was performed on all patients admitted to our hospital from April 2007 to October 2009 who were clinically diagnosed with acute ischemic stroke by neurologists and managed in the stroke care unit. The inclusion criteria were as follows: (1) Demographic data, as well as information on cardiovascular risk factors, medical history, and the results of diagnostic tests, including routine blood tests, were collected at the time of admission. According to our institution's standard protocol for ischemic stroke patients, neurological deficits were evaluated by using the National Institutes of Health Stroke Scale (NIHSS) on admission and 7 days after admission. The modified Rankin Scale (mRS) score was assessed on admission and at 6 months after the onset of symptoms (by follow-up visit or phone call). Favorable clinical outcome was defined as a mRS score of 0-1 at 6 months.
Film readers blinded to all clinical information assessed the presence of PCA laterality and the site of occlusion of the MCA. To assess PCA laterality, we used Zeal and Rhoton's classification 2 of each segment. Laterality of either PCA on MRA was considered to be present if 1 or more segmental extents were observable on axial stereoscopic images (Figure 1 ). We considered P2a (anterior ambient segment) and P2p
(posterior ambient segment) to be different segments. 2, 3 If the signal from either PCA ended in the same segment, laterality was defined as negative. To evaluate collaterals in the ipsilateral MCA territory, we also assessed the hyperintense vessels (HV) on FLAIR, of which usefulness in assessing collateral flow has been reported recently.
images, HV signals were defined as focal, linear or serpentine, hyperintense signals relative to gray matter in the distal to Sylvian fissure corresponding to the M3 or distal segments of the MCA. We blinded to clinical data independently assessed the presence and the location of HV using initial FLAIR MRI in this study. We assessed the status of posterior communicating (PCOM) artery using initial MRA. If the diameter of PCOM was equal to or larger than that of ipsilateral P1, we classified it as dominant ipsilateral PCOM. 5 We defined proximal MCA occlusion as M1 or M2 segment occlusion on the basis of the MRA findings. M1 occlusion was defined as main MCA trunk occlusion before the bifurcation, and M2 occlusion was defined as branch occlusion after the bifurcation. Patients who underwent follow-up MRA within 7 days from admission, recanalization status were assessed by a modified grading system based on thrombolysis in myocardial infarction (TIMI) grade using MRA. TIMI 2 and 3 was regarded as successful recanalization, and TIMI 0 and1 as poor recanalization. 6 The Alberta Stroke
Program Early CT Score (ASPECTS) 7 was used to evaluate the final infarct extent on follow-up CT scan. Then, with respect to these factors, we performed multivariate logistic regression analyses using age, gender, baseline NIHSS score, history of smoking, and PCA laterality. All statistical analyses were performed with JMP software (Version 9.02; SAS Institute Inc, Cary, NC), under the direction of statistician (M.K.).
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